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Charged Higgs production

A charged Higgs would be sure sign of new physics
2-Higgs doublet models
LHC has good potential for discovery

I will discuss two production processes
bg - tH and bb— H W™

Probe into electroweak and Higgs physics
Higher-order corrections are significant
very massive final states

Soft-gluon corrections are important
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tH~ production

Top is the heaviest known elementary particle

Decays before hadronization

Born cross section for bg — tH~ o« aa,(mj tan® 8 + mj cot” 3)

tan J = vy /v, ratio of vevs of two Higgs doublets
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Higher-order corrections

b(pv) + 9(pg) — t(pt) + H™ (pH)

Define s = (py ‘I'pg)27 t = (po _pt)27 u = (pg —pt)2
and sy = s+t+u—mi—my

At partonic threshold s; — 0

Soft corrections [

In¥ (34/m?{)
S4 n

For the order ol corrections k <2n —1

Resum these soft corrections for the double-differential cross section

At NNLL accuracy we need two-loop soft anomalous dimensions

Derive approximate cross sections at NNLO
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Soft-gluon Resummation

moments of the partonic cross section with moment variable NV:

G(N) = [(dsa/s) e~ N54/36(s4)
factorized expression for the cross section in 4 — ¢ dimensions
Pt (N = | T 76 (o) | HPIHT (g () SP9=tHT (m—H,asm))

Np
1=b,g

HY9—=tH" g5 hard function and S%9—7tH  is soft function

Soft function S satisfies the renormalization group equation

0 0 - — bg—tH™
4+ € Sbg—)tH — _9 Sbg—)tH r g—
('u o Blge ) 9gs > o
Soft anomalous dimension I‘bsg—%H_ controls the evolution of St9—~tH  which

results in the exponentiation of logarithms of N
rba=tH — (o /mr) + (as/m)2TP) + ..., with

2 _ ¢ 1 Ca m2 — u
r' — cp | [ 2 S L
S F[n<mt\/§ 2 i 2 m?2 —t

2) 67 CQ) 5 } (1) (1 —(3)
r — L2y _ 2 r 788)
S {C"‘ (36 2 g | Ls T COrCa—
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Resummed cross section

e = o | S mov | 10 (00
i=b,g
VE/N'
— S d _
x gbg—tH <as (%)) exp / = 2rb 9T (o ()
"
\/E
The aNNLO soft-gluon corrections are:
2~ (2) bg—tH™ 3 k 2
d OaNNLO _ pbg—tH™ 043 (2) In (84/mH)
=I'po 2 Cy
dtdu 7T2 S4
k=0 +

with coefficients C§2) = 2(Cr 4 Ca)?

2
(2) mt—t m — u
c — (Cp+Cx)e3CH |2In —omln [ —H ) —1
i " A{ F{ <mm) ( 2 ) }
m2 —t m2 —t 2
— 304 {m( L >+21n< - >:|—3(CF—|—CA)IH<MF>—B7O}
my — u mH s

The expressions for C§2) and C’(()Q) are much longer

3 [mv
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bg->tH atLHC aNNLO

tanp=10 p=m;

tH~ production

Total cross sections

bg->tH aLHC aNNLO

tanp=30 p=m;

T T T I T T T I T T T I T T T I T T T I T T T I T T T T I T T T I T T T T T T T T
(] _ 0 A\ -
107 E 108N E
- 14Tev ] : 14 Tev ]
——— 13TeV ] [\ ——— 13TeV ]
RN r—-— 8TeV FINAY -—-— 8TeV
10°F i—em T7TeV E 107F N\ == 7TeV E
3 3 F RN \. B
—_ AN ] — C N, ]
Q A ] Q | . 4
3 ‘. 3 AN
2L . 4 2 A
o 10°F "IN E o 107 RN E
E CON 3 E . . 3
: SN ] C AN ]
- \~ ) - - \~ -
-3 NN -3 .
10°F RN E 10°F ~ 3
r KRR ] r N ‘<. ]
o ‘. N 1 - ~ ~ E
L SN, & - '~ '~ k
N ~3 "N '~
10'4 1 1 1 I 1 1 1 I 1 1 1 I 1 . I 1 : k 1 1 1 I 1 1 1 I 1 10'4 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I' | 1 i I 1
200 400 600 800 1000 1200 1400 200 400 600 1000 120 1400
m,- (GeV) m,- (GeV)

N. Kidonakis. WIN2017. Irvine. CA. June 2017



aNNLO/NLO

tH~ production

bg->tH a LHC  K-factor  p=m,

14 TeV
———- 13TeV
8 TeV

K-factors
bg->tH at LHC K -factor 13 TeV
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tH~ production

Top pr distributions

bg->tH aLHC topp, aNNLO tanB=30 m, =300 GeV
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bg->tH aLHC topp, aNNLO tanB=30 m =800 GeV
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tH~ production

Normalized top pr distributions

bg->tH aLHC topp, aNNLO m, =300GeV bg->tH aLHC topp, aNNLO m, =800 GeV
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tH~ production

K-factors for top pr distributions

bg->tH aLHC topp,  K-factor m, =300 GeV bg->tH aLHC topp,  K-factor m, =800 GeV
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tH~ production

Top rapidity distributions

bg->tH at LHC toprapidity aNNLO tanB=30 m,=300 GeV

04— | L AL LU S B B NN B R B B BN B B B
03 —— 14Tev -
I ~o ——— 13TeV ]
I ~ —-— "8Tev ]
5 [ SO . ]
g | h |
> 02| -
5 L i
S~
o] - i
S [ |
0.1 —
O— PRI T T S T T N N SR SR R | 1‘11‘?[‘7#15]-.&1\_1 1
0 0.5 1 15 2 25 3

top |Y|

do/d|Y| (pb)

bg->tH at LHC toprapidity aNNLO tan$=30 m,_ =800 GeV
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tH~ production

Normalized top rapidity distributions

bg->tH at LHC top rapidity

aNNLO mH:300 GeV
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bg->tH at LHC top rapidity

aNNLO mH:800 GeV
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tH~ production

K-factors for top rapidity distributions

w

bg->tH at LHC top rapidity K-factor ~ m =300 GeV bg->tH at LHC top rapidity K-factor ~ m =800 GeV
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H~WT production

W+

b(p1) + b(p2) = H (p3) + W™ (ps)
Define s = (p1 + p2)°, t = (p1 — p3)°, u = (p2 — p3)°
2

and sy = s+t +u—m3 —miy

At partonic threshold s4; — 0

: In* (s4/m%)
Soft corrections
_|_

S4
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factorized expression for the cross section in 4 — ¢ dimensions

~bb—H - WT bsH-WT bsH—-WT [ TMH
AW N = | T g e | HPTY () W (R o)
i=b.,b
Resummed cross section
A . D T e ORI N CRCR O)
i=b,b
Vs /N’
X exp 2/ d—uf‘bsb_)H_W—i_ (s ()
s w
The NNLO collinear and soft-gluon corrections are
o~ (2)bbsH-WT 5 3 k 2
d” 5 ,NNLO _ pbboH W %s ) ~(2) 1 3 [ 54 4 2 In™(s4/m7;)
— 4+ LO 2 3 2 2 k
dt du 7 mi, mi, S4 N
k=0

with C{? =802

t — 2 . 2 2 11 2
CgZ) = —120125» (ln <( mW)Elu mW)) + In (M—F>> CrCy + §Can

mo; S 3

N. Kidonakis. WIN2017. Irvine. CA. June 2017 16



bb->H W' aLHC aNLO

H~WT production

Total cross sections

tanB=1 p=m;
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do/dp; (pb/GeV)

H~WT production

Charged Higgs pr distributions

bb->H W aLHC aNNLO

tanB=1 m =200 GeV
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H~WT production
Normalized charged Higgs pr distributions

bb->H W aNNLO bb->H W aNNLO
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do/d|Y| (pb)

H~WT production

Charged Higgs rapidity distributions

bb->H W" atLHC aNNLO tanB=1 m_ =200 GeV

bb->H W' aLHC aNNLO tanB=1 m_ =500 GeV
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Normalized charged Higgs rapidity distributions

Vo do/d|Y|

H~WT production
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Summary

many new results in charged Higgs production

total cross sections for tHH~ production

top-quark pr and rapidity distributions in {H~ production
total cross sections for H~ W™ production

charged-Higgs pr and rapidity distributions in H~ W™ production

higher-order corrections are very significant
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